The presence of sulphate, copper and especially chloride ions additionally contributes to the corrosion damages resulting in local ruptures with different sizes. When CPs have loose structure and high porosity the concentration of Cl -ions in their volume increases due to the flowing capillary processes. This effect is stronger expressed in the contact places of the pipes with the distance grid as well as at the lowest placed rows of the pipe bundles in SGs. In general, the aim of the present investigation is to determine and evaluate the role of different aggressive components presenting in the technological medium on the corrosion behavior of austenitic stainless steel of the type 18Cr10NiTi which material is used to produce the pipe bundles in the SGs of the second contour of Energy blocks No. V and No. VI of NPP "Kozloduy". Some of the results obtained by polarization technique are compared with the experimental data of low-alloyed steel.
Experimental

Samples
Two different steel sample types with dimensions 1 x 1 cm (working area of 2 cm 2 ) are used: -High-alloyed (HAS) austenitic stainless steel 18Cr10NiTi which is applied as a main construction material for the pipe bundles in the SGs of NPP "Kozloduy" (composition: Cr -18 wt.%; Ni -10 wt.%; Ti -about 1 wt.%; balance -Fe). -Low-alloyed (LAS) steel 38GN2MFA (composition: Cr, Ni, Mn and Si -about 6 wt.% total; balance -Fe) used in general as a construction steel and as a comparative sample.
Corrosion medium
The corrosion tests are carried out in a model corrosion medium (MCM) consisting of trebly distilled demineralised water (specific electric conductivity ≤ 1 μS/cm), hydrazine (25 μg/L) and in definite cases selected anions or cations (Cl -, SO 4 2-, Na + , Cu + , Cu 2+ -both latter presented in the text as Cu total ). The pH value is about 9 aiming the modelling of conditions maximal close to the exploitation ones. Special attention is paid to the effectiveness of the added compound that inhibits the development of the damaging processes on the surface and in the depth -monoethanolamine (MEA) at concentration of 2 mg/L.
Sample characterization 2.3.1 Potentiodynamic (PD) and potentiostatic (PS) polarization curves
Potentiodynamic (PD) polarization curves (scan rate of 1 mV/s.) are carried out at two selected operating temperatures (35 o C and 95 o C, respectively) in a three-electrode experimental glass cell using "VersaStat" (AMETEK PAR) device. The cell has a volume of 300 cm 3 and Luggin capillary for minimizing the Ohmic resistance. Platinum plate serves as a counter electrode and saturated calomel electrode (SCE) -as a reference electrode. The investigations of the local corrosion phenomena are realized in a special constructed test electrode the latter allowing simulation of the processes taking place in cracks with different widths. This electrode consists of ceramic body, separators (mica lamellas), titanium linings etc. giving the opportunity to work also at high temperatures and pressures aiming the modelling (approaching) of the real operating conditions in the SGs. In order to receive also several results at conditions maximal close to the exploitation ones an autoclave system is used for some of the electrochemical and corrosion measurements. The autoclave volume is approximately 1,5L and its maximum capacity is to work at temperatures of 350 o C and pressures of 150 atm. Aiming better safety the experiments are www.intechopen.com Corrosion Monitoring of the Steam Generators of V-th and VI-th Energy Blocks of Nuclear Power Plant "Kozloduy" 241 carried out in the interval of about 220 -230 o C and pressure of 150 atm. Three-electrode electrochemical Teflon cell with working volume of 300 cm 3 and Ag/AgCl reference electrode assembly is mounted in the autoclave unit. The polarization studies in that case are carried out in a potentiostatic way contrary to the anodic and cathodic polarization curves realized at the abovementioned temperatures and at atmospheric pressure.
Scanning electron microscopy
SEM images and EDX analysis complete the results of the investigation giving more information about the surface morphology of the tested samples and of the collected CPs. A scanning electron microscope JEOL JSM-5300, Japan (equipped with EDX device) is used for registration of the morphology changes on the sample surfaces of HAS after the treatment in the medium. This device is used also for quantitative analysis of the element composition in selected special places -pits, cracks etc. The results obtained by this method ensure the possibility to present more realistic prognosis about the future exploitation of the SGs.
Moessbauer spectroscopy
Moessbauer spectroscopy completes phase analysis of the chemical compounds for characterization of the type and quantity of the iron compounds presenting on the sample. This method is based on the high sensitivity of Fe in relation to the resonance adsorption toward the beams of the radiation source applied. In the present investigations the absorption variant of the method is used which allows to receive information from the whole thickness of the CPs. The separation of the phases is realized with high sensitivity accepting that the whole amount of all compounds presenting is 100%. Actually, Moessbayer spectra are carried out at room temperature using electromechanical spectrometer working at conditions of a constant acceleration with a 57 Co/Cr source (activity  60 mCi) and -Fe probe as a standard. Experimentally obtained spectrum is additionally calculated using a special program based on the method of the least squares. The content of iron ions in every component is determined under the conditions of the presumption of identical Moessbayer-Lamb factor.
X-ray photoelectron spectroscopy
XPS analysis is carried out with ESCALAB MkII (VG Scientific) electron spectrometer characterizing with base pressure in the chamber up to 5 x 10 -10 mbar (during the test 1 x 10 -8 mbar) with MgK X-ray source (excitation energy h = 1253,6 eV). Due to the weak signals for Ni2p and Cr2p as well as the presence of a broadly expressed Fe2p line an accelerating energy value of 50 eV and a sighthole with 6 mm width (entry/exit) is used. Instrumental resolution measured as full width at a half maximum (FWHM) of the photo electron peak of Ag3d 5/2 is lower than 1 eV. The binding energy scale is corrected to the maximal C1s peak at 285 eV for electrostatic charge. The spectra obtained are additionally analyzed using symmetric fitting Gauss-Lorenz curve after eliminating the background accordingly to the requirements of the method of Shirley. It can be registered that even at low concentration of the added corrosion activators -Clions (10 μg/L), curve 2 -their unfavourable influence is well expressed. As seen from the results the corrosion potential value (E corr ) of the tested steel sample is strongly shifted in negative direction in that case with about 170 mV compared to the same parameter in the initial MCM (curve 1). Accordingly to this observation and as could be expected, the corrosion current density (i corr ) and the rate of the active anodic dissolution in the presence of chloride ions are about 2-3 times higher leading to accelerated damaging processes (greater anodic dissolution) under the conditions of external polarization. . Corrosion current density value also increases especially in the potential range between -300 and 0 mV (SCE). The addition of MEA even at not very high concentration (that could be applied in the practice) plays definitely a positive role -curve 2 -leading to lower corrosion and anodic current density values and fixing the further shifting of the corrosion potential. Even at very high concentration of corrosion activators (1 mg/L chloride ions - Figure 2 , curve 3) the presence of the added corrosion inhibitor MEA decrease partially the cathodic (oxygen reduction) and also the anodic (metal dissolution) reactions demonstrating lower corrosion current -i corr -values and ensuring better protection against corrosion. Similar effect of MEA is observed also in the case when sulphate ions are used as corrosion activators in the same model medium and at the same experimental conditions (Fig. 3) . The corrosion potential is shifted with about 220-230 mV in negative direction (curve 2) and i corr increases about 4 -5 times. After the addition of MEA the anodic dissolution rate is slowed down (curve 3) which demonstrates the positive influence of this compound. That result leads also to the conclusion that the protecting mechanism of MEA is most probably similar in aggressive media with different corrosion activators. It is very important for the practice to register and estimate the effects also in the case when some of the most dangerous corrosion activators (Cl -, SO 4 2-and Cu total ) simultaneously present in the medium at their extreme high concentrations. The results obtained for LAS treated in this type of model solution are demonstrated in Fig.  4 . It is evident that E corr is strongly shifted in negative direction again and the corrosion current density values are very high which can be expected at these conditions. Also at these extremely aggressive medium the addition of MEA decreases the i corr and the dissolution in the whole anodic region. The reason for this positive result is that the influence of MEA simultaneously slow down the cathodic (reduction of depolarizer) and the anodic (dissolution of the metal) reaction rates. It can be supposed from these observations that the used compound MEA is an inhibitor of a "mixed" type. The potentiostatic studies in the autoclave realized in MCM containing chloride ions show a slight shift of the corrosion potential in cathodic direction and about 3,5 times increase of the corrosion current density value for this steel type.
Potentiodynamic investigations of high-alloyed steel (HAS)
The results obtained for HAS which is practically used in the steam generators are demonstrated in Figure 5 . It can be observed that low Cl -ions concentration in the model medium (10 μg/L) -curve 2 -increases significantly (about 4-5 times) the corrosion rate. Additionally, well expressed shift of E corr in negative direction of about 300 mV can be registered. Nevertheless, compared to the case of LAS (see Figures 1 and 3 , curves 1) i corr is about 5 -6 times lower at these conditions. The registered differences are attributed to the better protective influence of the alloying components presenting in HAS. The addition of MEA (curve 3) expresses strong favourable effect leading to the shifting of E corr in positive direction with about 350 mV while i corr decreases about 4 times compared to the case of MCM with addition of Cl -, but without MEA (compare curves 2 and 3). Similar is the influence of MEA also in the case when SO 4 2-ions present as activators at equal concentrations in the model medium ( Figure 6 ). As can be registered sulphate ions extremely increase the corrosion current density but the addition of MEA leads to inhibiting of the corrosion and anodic processes. In the case, when the combination of the most dangerous activators (Cl -, SO 4 2-and Cu total ) is applied in MCM the corrosion activity is also very strong demonstrated - Figure 7 . It is evident from the figure that the corrosion rate in that case is much greater and the corrosion potential is additionally shifted to the negative direction up to the value of about -410 mV. Nevertheless, the inhibiting effect of MEA is also very strong (curve 2) -the corrosion potential is placed in positive direction, i corr value is more than 10 times lower and the anodic dissolution seems to be partially hampered. The latter can be explained with the process of the effective inhibitor adsorption exactly on the active anodic zones on the metal surface. Finally, it could be prognosticated that MEA will slow down the corrosion processes also at exploitation conditions in the case when the three activators simultaneously present in their extreme high for the practice concentrations. The potentiostatic investigations in the autoclave show more clearly expressed shift of the corrosion potential in cathodic direction with about 100 mV and about 4 times increase of the corrosion current density value for this steel. Despite of these results the new data obtained from this test are much lower compared to the case of LAS.
Potentiodynamic investigations of HAS in cracks
As a result of the operating conditions and WCR the equipment in NPP and in particular the SGs can be effective damaged by large number of cracks, holes, slits etc. This is a specific type of local corrosion and these dangerous places strongly differ in their morphology and element content compared to the whole surface of the unit. For example, in the case of newly appeared cracks the electrochemical potentials in and outside can be extremely different which will lead to appearance of galvanic macro-elements with own electromotive force. It is very important to know that local corrosion phenomena can appear not only in the already existing constructive slits. During the exploitation new cracks can occur especially in the cases where different materials or media are in contact or as a result of simultaneous action of electrochemical and mechanical forces. It such a case it is very important to know the current density value into the crack that can be mould out of a specially constructed for this case electrode. It allows simulating the corrosion processes in cracks with different preliminary fixed widths. The present investigations are realized using two artificially constructed widths (sizes of 0,1 and 0,5 mm respectively). For practical purpose the special electrode has being filled in with the experimental solutions (with or without addition of corrosion activators) directly before the beginning of the test aimed to eliminate possible diffusion limitations. The polarization investigations presented here (Fig. 8 and Fig. 9 ) are carried out in MCM containing the extreme high concentrations of the corrosion activators -1 mg/l Cl -, 1 mg/l SO 4 2-and 5 μg/l Cu total -with and without addition of MEA, respectively. Comparing the characteristic parameter E corr following can be summarized - Fig. 8 : -at 35 o С Е corr for the narrower crack (0,1 mm -curve 3) is strongly replaced in negative direction with about 100 mV compared to the wider one (0,5 mm -curve 1) as a result of the reasons described above; -at 95 o С Е corr of both samples are relative closer -compare curves 2 and 4. The oscillations of the curves are most probably on account of the inhibition of the processes of access and taking away the oxygen into the depth of the crack. In the anodic region the current density values are higher in the case of the narrower crack which means that the processes of dissolution are strongly expressed. The addition of MEA in concentration of 2 mg/l shows favourable effect -Е corr shifts in positive direction for all investigated samples (compare Figures 8 and 9 ). Additionally, the observed i corr values are also lower at both temperatures and crack widths - Fig. 9 -which is a sign for inhibiting of the corrosion processes. The electrochemical behavior of the steel in the narrow cracks and holes characterizes with some peculiarities mainly as a result of the transportation difficulties -inhibited access of the corrosive and passivating agents and difficult take away of CPs from these places. In neutral medium Fe shows increased rate of the anodic process and decreased -of the cathodic one. The lower oxygen concentration in the cracks leads to more negative potentials of iron ionization with predominantly formation of bi-valence ions and their compounds the latter in general possessing insufficient protective properties. The passive state of the metals owed mainly to the presence of oxygen may be affected by inhibited access of this component leading to depassivating and accelerating of the anodic reaction. Additionally, the cathodic reduction of the depolarizer becomes slowly, Е corr and PD curves shift to negative direction. The reason for this effect is the fact that the electrolyte situated in the cracks does not intermix convectively any more and the oxygen transportation occurs only by molecular diffusion. The inhibited refreshing of the electrolyte leads to relative fast change of the pH value of the medium in these places compared to the surface outside the cracks. The composition of the electrolyte in these close volumes also changes during the exploitation process and as result oxides, hydroxides etc. accumulate on the surface. Their concentration depends in general on the product of solubility value of the CPs. The main changes of the corrosion medium in the cracks appear as a result of the macro-element activity between these places and the "bare surface". The metal inside the cracks works as an anode and after incubation period during which the current of the galvanic element is very low the "inner" electrolyte becomes more acidic that leads to beginning of depassivation process. After prolonged exploitation of the equipment the corrosion damages in the cracks become extremely dangerous due to the fact that the appearance of the passive state of the steels is ensured mainly from the oxygen in the medium. The permanent lack of this element into the deep volume of the cracks leads to depassivating of different places and acceleration of local corrosion processes. These results confirm that the modelling (although approximately) of the exploitation conditions is useful and necessary in order to receive experimental data for dangerous corrosion phenomena and their detrimental influence as well as to give the opportunity to prognosticate them.
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SEM and EDX investigations 3.2.1 SEM investigations
Steel samples are initially placed in the special electrode for investigation of the corrosion processes in cracks with different widths. Thereafter the same electrode is putted in an autoclave and leaved at Е corr in MCM containing the extreme high concentrations of chloride, sulphate and copper ions. One 24 hours-cycle test consists of 4 hours stay at the operating conditions (selected temperature and pressure) followed by 20 hours for equalizing with the room temperature (slow cooling process). The SEM images of HAS samples are presented in Fig. 10(A,B) . The results are obtained after preliminary preparation of the corrosion treated steel samples -rinsing with distilled water and drying with hot air. Figure 10A shows typical corrosion damages of HAS samples placed in the electrode with 0,5 mm width after 3 cycles of the corrosion treatment described above. It can be registered that after the treatment a damaged place appears on the surface. Much hardly attacked seems to be the sample simulating the crack with 0,1 mm width - Fig. 10B . The reasons for this result are most probably the lower oxygen concentration in the solution. Additional risk is the accumulation of loose corrosion products in which mass the activators concentration will be greater. 
EDX investigations
The method gives the opportunity to determine the element composition in selected places on the steel surface characterized with different phenomena and processes -local holes, cracks etc. appeared after ruptures of the passive film. It is well known that after a definite time period the passive film in or over the crack or pitting can be totally destroyed and as a result open pits take shape. The average results from the analysis inside selected separate pits registered on the surface of the sample placed in the special electrode for investigation of the corrosion processes in the cracks and tested in MCM are presented in Table 1 . The main differences in the composition of the pits registered with and without MEA refer to the alloying components -Cr and Ni -both latter demonstrating higher percentages in the case with MEA. This is a clear positive effect since higher Ni and Cr amounts inhibit the penetration of the corrosion processes into the depth. The higher amount of iron detected when MEA present in MCM means that the dissolution of this metal is slowly. 
SEM investigations of CPs
As already presented above the presence of MEA in the exploitation (or model) medium plays a positive role concerning the corrosion processes leading to their inhibiting. This compound can influence the appearance and development of the corrosion damages especially in places with limited oxygen access. The looseness, adhesion and the average size of the CPs particles are also of great importance in that case.
In the steam generators the corrosion products deposit on the body, pipe bundles, distance grids, bottom etc. and have in general sizes between 1 and 10 μm. On some places a compact film with good adhesion and low solubility consisting mainly of magnetite (Fe 3 O 4 ) can appear. Additionally, a loose mass of new porous and with bad adhesion layers accumulate on it. As a result a strong increase of the local concentrations of Cl -, SO 4 2-and Cu total ions occur which leads to depassivation and appearance of pits on several places. In that sense some changes in the WCR leading to CPs with high dispersion are desirable aiming the easier removing of the particles from that zones. The addition of MEA results in obtaining of CPs with high dispersion having average particle sizes less than 1 μm. Positive sign is also the fact that MEA do not lead to changes in the element and phase composition of CP. These effects are presented in Fig. 11 . Fig. 11 . SEM images of corrosion products: A -without MEA in the medium; B -in the presence of 2 mg/l MEA.
Moessbauer investigations
The Moessbauer analysis (Fig. 12) of the surface film of corrosion products collected from characteristic places from the inner volume of the SGs during the shut-down procedure show that the film consists of magnetite -Fe 3 O 4 -and alpha-hematite - -Fe 2 O 3 . As well known, these compounds are low soluble and highly resistive oxides, even in aggressive corrosion medium. This fact suggests that the corrosion products on the bundle surfaces may form a layer with high protective properties the latter impeding the penetration of the destructive corrosion processes in the depth of the metal tubes. The obtained average results are presented in Table 2 The experimental Moessbauer spectra include two types of components: -components without super fine magnetic structure -quadruple doublets -components with expressed super fine magnetic structure -sextets In the present case the models for computer calculating of the Moessbauer spectra include only sextets (three sextet components). The values of the determined parameters of the sixcomponent lines in the spectra (marked as Sxt 1, Sxt 2 and Sxt 3 in Table 2 ) can be attributed to the presence of iron-oxide phases --hematite (Sxt 1) and magnetite (Sxt 2 and Sxt 3). These two phases characterize with well expressed super fine magnetic structure (sextet components). The registered parameters for Sxt 1 demonstrate that all iron ions exist in the third oxidized state and octahedral surrounding. The appearance of two components of the magnetic phase, Sxt 2 and Sxt 3, is due to the existence of Fe in the third oxidized state and in tetrahedral surrounding. This is the reason for the presence of Sxt 2 in the spectrum as well as to a spectral appearance of iron ions with interstitial oxidized state (Fe 2.5+ ) in octahedral position (its spectral expression is Sxt 3). As well known, magnetite is one of the widely distributed mixed valence compound with high frequency electron exchange between the ions 3d 6 Fe 2+ ↔ 3d 5 Fe 3+ . Magnetite characterizes with cubic symmetry and the results demonstrate that it is with low degree of non-stoichiometry -Fe 3 O 4-х , while the vacancies are localized most probably in the octahedral places.
XPS investigations
The results described below are related to powder CPs selected from different places in the volume of the SGs during the shut-down procedure. The data presented in Table 3 The XRD spectra obtained for different registered elements are presented with more details in the Figures 13 -17 . In general, these experimental results are in correlation with the Moessbauer investigations and also in fair agreement with the conclusions from the potentiodynamic polarization curves and SEM images. The presence of Cu is not a desired event since it could lead to local corrosion damages being more cathodic compared to iron. As can be observed the main element with the highest content (in atomic percent) is oxygen followed by copper and iron as well as by much smaller amounts of Cr and Ni. In such a case it could be expected that the compounds on the surface will be mainly iron, copper or iron-copper oxides and hydroxides. The very low amounts of chromium and nickel compounds clearly demonstrate that their participation in the occurred corrosion processes is weaker expressed.
www.intechopen.com Table 4 . Results after mathematical deconvolution of XPS investigations of CPs However, the iron content is not very high which means that the used construction is to a definite degree protected at these conditions. The alloying elements nickel and chromium which are also registered during the investigations show practically their positive influence for the increased corrosion resistance of the used alloy. Aimed to receive clear results the XPS spectra obtained are additionally mathematically calculated using a special software aimed to determine also another peaks of possible compounds that present in the sample but are not enough visible. This additional mathematical treatment known as "deconvolution process" gives more adequate information about the real situation in the samples. The results obtained are presented in Table 4 for two of the main elements -O1s and Cu2p. The experimental data for the binding energy values of the main component presenting in the samples -oxygen -support the expectation that predominantly iron and copper oxides and hydroxides as well as water amounts appear -see Tables 3 and 4 . It follows from these data that the most possible iron compounds seems to be the oxides of Fe 2+ and Fe 3+ ions both latter presenting also in the composition of magnetite. This is a very important result as far as being in good correlation with the Moessbauer spectroscopy. Additionally, FeOOH has been detected but its amount seems to be lower compared to the quantities of bi-and trivalent iron oxides. The Cu spectrum demonstrates that this element has been detected mainly as pure metal and in its first oxidized state -in the form of Table 3 due to the mathematical treatment but from other side they confirm the general tendency of appearance o f i r o n a n d c o p p e r hydroxides and other compounds. Main positive conclusion is that they are in agreement with the other used methods.
Conclusion
At model conditions and water chemistry regime applied, the corrosion current for austenitic stainless steel 18Cr10NiTi used in the construction is much lower compared to the low-alloyed steel. The investigations carried out at two operating temperatures and also at conditions close to the exploitation ones demonstrate the influence of selected corrosion activators on the most dangerous cases in the exploitation practice.
Having in mind the obtained results it can be concluded that the application of monoethanolamine significantly decrease the corrosion current density and leads to better corrosion resistance of the used steel. This compound also leads to appearing of middling slime with higher dispersion that can be easily removed from these places. The corrosion processes occurring in the narrower cracks are more intensive compared to the processes in the wider cracks especially at higher temperatures and lead to faster destroying of the equipment at operating conditions. The application of MEA which is a "mixed" type inhibitor decrease partially the cathodic (oxygen reduction) and also the anodic (metal dissolution) reactions ensuring lower corrosion current density values and better protection against corrosion. The presence of the protective layer of corrosion products of iron on the surface of the equipment is confirmed using Moessbauer spectroscopy and XPS investigations which are in fair agreement with the results obtained by the electrochemical polarization technique, SEM and EDX analysis. Taking into account that at real operation conditions in NPP "Kozloduy" and prolonged exploitation of the steam generators a film composed mainly of magnetite and hematite is readily formed on the pipe surfaces, it can be expected that the actual corrosion rate should be much lower. Very important factor which influence the corrosion damages is the iron and copper concentration in the water of condense-feeding part of the SGs. This also affects their content in the corrosion products. Better exploitation conditions will be realized by periodical removing of the deposited corrosion products on the pipe bundles and on the other places in the steam generators where they appear.
